Acute inflammation is an innate host-defense mechanism against invading pathogens and tissue injury. Neutralization of the offending insult ideally prompts resolution of inflammation and restoration of tissue homeostasis. Resolution of inflammation is an active process governed by resolution programs (1) , involving a novel group of lipid and protein mediators, which possess dual anti-inflammatory and proresolution properties (2) . Excessive inflammation or failure of the initial inflammatory response to resolve in a timely manner results in nonresolving inflammation and persisting tissue damage, which are now considered as critical components of many chronic human diseases (3) . Intriguingly, many pro-and anti-inflammatory signals and proresolving circuits converge on select receptors, which integrate contrasting cues to determine the course of inflammation. Among these receptors is ALX/FPR2 (lipoxin A 4 receptor or formyl peptide receptor 2; hereafter referred to as ALX), which binds both protein and lipid ligands that evoke opposing biological responses (4, 5) . At present, little is known about the molecular basis for such diverse actions. In PNAS, Cooray et al. (6) present another advance in understanding signaling through the ALX receptor. Using coimmunoprecipitation and bioluminescence resonance energy transfer (BRET) assays in transfected cells combined with functional assays in leukocytes and in vivo, the authors provide important insights into how ligand-biased activation and conformational change in ALX shape opposing biological functions.
FPRs are a group of G-protein-coupled receptors (GPCRs) that are expressed predominantly by phagocytes and play a critical role in host defense. The three human FPRs, FPR1, ALX, and FPR3 share significant sequence homology (5) . FPRs were identified as receptors for N-formylated peptides released from bacteria and mitochondria upon cell damage. ALX binds an unusually large number of structurally diverse ligands and conveys contrasting biological signals. For example, ALX mediates the proinflammatory actions, including leukocyte trafficking, activation, and delaying neutrophil apoptosis of the acute-phase protein serum amyloid A (SAA) and the antimicrobial peptide LL-37 (7, 8) . Annexin A1 (AnxA1), AnxA1-derived peptide Ac2-26, and lipoxin A 4 (LXA 4 ) also signal through ALX to inhibit leukocyte recruitment, enhance neutrophil apoptosis, and macrophage efferocytosis (2, 7, 9-11), key events in inflammatory resolution. Lipid and peptide ligands act with different affinities and bind to distinct pockets on the receptor, thus making a direct competition unlikely (4). Monomer FPRs have traditionally been perceived as receptors that can recognize Nformylated peptides as well as LXA 4 . In this model, the tightly packed structure of FPRs would assure ligand specificity with docking of G proteins to the intracellular surface of the activated receptor as a transduction Author contributions: J.G.F. wrote the paper.
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mechanism. Consistently, peptide Ac2-26 was found to signal through both ALX and FPR1 monomers (6) . GPCRs can form dimers that affect receptor mobility, assembly, and activation (12) . Although dimerization of GPCRs may not generally be required for ligand recognition, emerging evidence indicates that GPCR dimers may affect signaling functions and that ligand selectivity may be directly related to different GPCR conformation (12, 13). Cooray et al. document that ALX/ALX homodimers and ALX/FPR1 heterodimers constitutively occur in transfected HEK293 cells and human leukocytes (6) . The authors also show that dimer formation and change in receptor conformation (assessed by BRET signal) can be induced in a ligand-specific fashion, and this does not appear to be simply a consequence of ligand-receptor interaction. Thus, AnxA1 stimulated ALX homodimerization and activated the p38 MAPK/MAPKAPK/Hsp27 signaling cascade to augment production of the anti-inflammatory cytokine IL-10 ( Fig. 1) . Peptide Ac2-26 facilitated ALX/FPR1 dimer formation and activated the JNK-caspase-3 pathway to induce neutrophil apoptosis, a critical control point in the resolution of inflammation (14) . Peptide Ac2-26 effectively counteracted the potent apoptosis-suppressing signals from SAA. Although not shown in this study, it is likely that peptide Ac2-26 would induce degradation of the antiapoptotic protein Mcl-1 (Fig. 1) , a master regulator of neutrophil life span. Cooray et al. (6) identify similarities in peptide Ac2-26 signaling through ALX and FPR1 monomers, but also differences that suggest a distinct function for the ALX/FPR1 dimer. Intriguingly, SAA does not seem to affect assembly or conformation of the ALX/ALX and ALX/FPR1 dimers.
These unique findings allow us to comment on the complexity of ALX signaling. There is evidence that AnxA1 functions as one of the major effectors of LXA 4 in the inflamed microvasculature (15) . LXA 4 did not mimic nor interfere with AnxA1-induced conformational change in ALX (6), providing additional insight into the molecular mechanisms of this endogenous anti-inflammatory network. LXA 4 was shown to override the apoptosis-delaying actions of SAA in neutrophils (7), whereas SAA can overwhelm the protective signaling by LXA 4 in patients with chronic obstructive pulmonary disease (16) . Although the functional ALX isomer for SAA signaling remains to be identified, SAA reduction of AnxA1-evoked conformational change in the ALX/ALX dimer and the Cooray et al. present another advance in understanding signaling through the ALX receptor.
resulting impaired activation of anti-inflammatory circuits may provide a molecular explanation for SAA-mediated defective resolution. It is noteworthy that LXA 4 and resolvin E1 counterregulated the leukotriene B 4 (LTB 4 )/LL-37 proinflammatory circuit, which is mediated by the LTB 4 receptor BLT1 and ALX (8) . Resolvin E1 can activate a proresolution circuit through BLT1 (17) , highlighting the complex interplay between these lipid mediators and their receptors. Despite these fascinating findings, many intriguing questions about ALX remain. What is the minimal functional unit for ALX dimers? Studies on LTB 4 receptors revealed that BLT1 forms a homodimer that binds to a single G protein, resulting in an asymmetric state where only one receptor protomer is active to transmit a signal (18) . How do the protomers in ALX dimers affect each other to generate ligand-biased intracellular signals? Would ALX assemblies be transient and dynamic in the inflammatory microenvironment, perhaps representing an additional control mechanism for preventing excessive inflammation? These issues notwithstanding, the notion of ligand-biased control of ALX dimerization and activation of antiinflammatory and proresolving circuits are an important advance in the understanding of the dynamic processes that orchestrate resolution of inflammation. These results also provide a basis for development of novel therapeutical approaches, such as cleavage-resistant AnxA1 (19) or stable LXA 4 analogs (20) , which could mimic endogenous pathways to dampen inflammation. If the rapid advancements in the resolution field in the past years are any indication, we may be much closer to achieving this than we now imagine.
